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David J. Graser, doctoral graduate student

PROBLEMS UNDER STUDY:

Adequate lead time against incoming missiles is of critical
importance to limited-area defense. Lead time can be maximized if
the missiles can be recognized when they are very far off, i.e.,
when their images are very small. such images are degraded,
however, by the effects cof random atmospheric turbulence.

Digital image processing allows completely flexible processing
of such images. Given the lead-time problem, the aim is to develop
fast and effective methods of restoring missile images. The speed
requirement also necessitates that the restoring method be based
upon a minimal number of images to be used as input data.

Atmospheric wind shear has been the cause of many air crashes.
Present methods of detecting wind shear require expensive,
delicate, active optical probes such as lidar. It would be better
to find an inexpensive, robust, passive method of detecting the
problem. The ’image division’ algorithm (approach (a) below) is a
passive method, and should be applicable to the wind-shear
turbulence identification problem (see below).

-

SUMMARY OF ACCOMPLISHMENTS

Two different approaches to image restoration were
investigated: (a) the ’image division’ method, and (b) closed-form
maximum entropy (M.E.) restoration.

The approach (a) may be briefly described as follows (for
details, see the paper "Exact, linear solution to the image
turbulence procblem”; this may be obtained by request from this
author or, when it is published, by consulting the appropriate
journal) . An incoherent object is imaged twice in succession using
short exposures, i.e., the order of 1/60 s of shorter. The Fourier
transform of each image is taken, and then their quotient is
formed. By the transfer theorem, numerator and denominator contain
a common factor in the object spectrum. This cancels, leaving a
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quotient of Fourier series where, by the sampling theorem, the
coefficients of the series are the two point spread functions
characterizing the images. By evaluating this quotient equation at
a series of frequencies, a series of linear equations in the
unknown point spread function values may be generated. This system
of equations can be inverted to yield the unknown point spread
function values. Once these are known, their Fourier transforms
yield two optical transfer functions. Each may be applied to its
corresponding image to effect inverse filtering. The two outputs
are two versions of the input object. These may be averaged to
produce one overall output.

It is to be noted that but two images are needed as inputs,
which aids the speed requirement. Also, no reference point sources
are required. The division operation is the key step of the
approach, eliminating as it does the object unknowns from the
problem, while defining a set of linear equations for the other
unknowns of the problem - the two point spread functicns.

Approach (b) may be briefly described as follows (for
details, see the paper "Closed-form maximum entropy image
restoration", to be published in Optics Communications). A maximum
entropy restoration may be expressed in the general form of the
exponential of the convolution of a kernel function with the given
image data. The kernel function specifies the particular object,
and must be found. By the use of a log-L, error norm, the kernel
function, denoted as A(x), is found to be the Fourier transform of

a function Alw) = <I'F¢02£)(w)>' where ‘L(®w) is the Fourier
r

transform of the logarithm of the object, and ¢;(w) is the power
spectrum of the class of images. Brackets < > denote an ensemble
average. The output restoration obeys positivity, by the
exponential form it takes. This permits significant bandwidth
extrapolation and, hence, super resolution, to be attained. At the
same time, the approach does not require the iterative search
procedure that is characteristic of other maximum entropy
approaches. Such search procedures are very wasteful of time.

Both approaches (a) and (b) have been largely successful, as
described below.

The detection of wind shear conditions should be
accomplishable by the use of approach {a) of image division. The
presence of wind shear should manifest itself as point spread
functions of a characteristic shape (perhaps stretched out in the
direction of the wind). Since the image division method restores
the point spread functions for given turbulence conditions, this
should identify conditions of wind shear.
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FURTHER DEVELOPMENT WORK

(a) The image division method works well (virtually perfectly)
in the presence of random atmospheric turbulence. However, it
becomes unstable in the presence of additional noise of detection.
Currently, it can tolerate up to 1% additive noise of detection.
The approach can probably be modified to accomplish a degree of
regqularization, such that noise sensitivity is decreased. This
would be at the expense of some resolution, as is inevitable with
regularization approaches. The aim would be to produce an
algorithm that tolerates (say) 10% additive noise of detection with
minimal sacrifice of resolution.

(b) Closed-form maximum entropy is effective but, presently,
requires extensive prior knowledge of object class and noise class.
A more practical algorithm would not presume such knowledge, and we
will work toward developing such an algorithm in future research.

PUBLICATIONS

B.R. Frieden and D.J. Graser, "Closed-form maximum entropy image
restoration”, Optics Communications (to be published)

B.R. Frieden, "Exact, linear solution to the image turbulence
problem", Optics Communications {(under review)

ORAL PAPER

B.R. Frieden and D.J. Graser, "Closed-form maximum entropy image
restoration", SPIE Annual Conv., San Diego +{1997)
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